Parking space detection is one of the key technologies of intelligent parking navigation. This paper designs image processing method to realize parking space detection. Firstly, the video image of the parking area is acquired by camera, and then the preprocessing of each frame image is carried out, including image color conversion, image denoising, and image morphological transformation. Finally, the improved background difference algorithm is used to realize the vehicle detection in parking space. Experimental results show that the designed method can realize parking space detection efficiently and accurately.
INTRODUCTION
With the development of economy, more and more families have cars, and the current parking space is difficult to meet the rapid growth of parking demand. Intelligent parking navigation technology can improve the utilization rate of parking space, effectively alleviate the parking difficulty [1] .
Parking space detection is a key technology for intelligent parking navigation. This paper designs the method of parking space detection based on image processing, collects parking lot image through the video surveillance equipment in the parking lot, uses image processing to detect and judge the current occupancy state of the parking space. With appropriate installation position and angle, a camera can cover a number of parking spaces, it can greatly save costs compare to other parking space detection methods such as ultrasound, geomagnetic, etc.
OVERVIEW OF PARKING SPACE DETECTION BASED ON IMAGE PROCESSING
The parking detection method based on image processing obtains the parking space image through camera, then processes the image and automatically determines the occupancy status of the parking space. Before detection, it's necessary to preprocess the image, it's helpful to improve the quality of detection. In this paper, the preprocessing includes image color conversion, image denoising and image morphological transformation. Color conversion is used to reduce the computational complexity. Denoising is used to ensure the consistency of image quality, including Gauss filtering and median filtering. Morphological transformationis used to extract objects more accurately, including erosion and dilation. Finally, the improved background difference method is used to detect parking spaces.
IMAGE PREPROCESSING Image Color Conversion
Each pixel of the color image is composed of Red, Green and Blue three colors, each color has 255 gray value. The color image is converted to gray image when the gray values of RGB are same. After converted to gray image, the image model converted from three dimensions into one dimension, it reduces the difficulty and the complexity of image processing, while the image characteristics did not change much. The human eye has the highest sensitivity to green and the lowest sensitivity to blue, therefore, according to formula (1), can get a more reasonable gray image by weighted averaging the RGB components:
Gray (x, y) = 0.299 * R (x, y) + 0.587 * G (x, y) + 0.114 * B (x, y)
Here Gray represents the gray value of the pixel after the gray image processing, R, G, B represent the three components of the color image respectively, x and y represent the horizontal and vertical coordinates of a certain pixel in the image, 0.299, 0.587 and 0.114 are the most reasonable weight values of gray image.
Image Denoising
Noise reduction is needed to solve the problem of video image quality degradation caused by noise interference. This paper mainly carries on the Gaussian filter and median filter to the image.
Gaussian filter is a linear smoothing filter, suitable for the elimination of Gaussian noise. For Gaussian filter, the gray value of any pixel is obtained after the weighted average from the gray value of the pixel itself and the neighborhood gray value. The weighted average weight coefficient is obtained by sampling and normalizing the two-dimensional discrete Gaussian function.
Median filter is a non-linear filter and is very effective for removing impulse interference and salt and pepper noise. The median filter can overcome the fuzzy problem of the image detail caused by the linear filter; it's helpful on the target extraction and edge detection. The median filtering process is as follows: the image is scanned by the filtering template, the intensity values corresponding to the respective pixels in the template are sorted from small to large, and the median is selected as the intensity value of the pixel in the center of the template [2] .
Image Morphological Transformation
Before the vehicle extraction, the image needs to be morphological transformed to make the vehicle extraction more complete and accurate. Morphological transformations of images include erosion and dilation. Erosion is to erode the boundary of the target in order to separate the two overlapping objects. The dilation increases the foreground region in the image. Usually when denoising, the erosion is first used and then dilation, because the erosion will make the foreground object smaller while removing the white noise, so need dilation to expand the object.
PARKING SPACE DETECTION BASED ON IMPROVED BACKGROUND DIFFERENCE METHOD
For background difference method, the difference between the image frame sequence and the background image is calculated, and then the target object is segmented and extracted [3] . When using the background difference method to detect the vehicle in parking lot, the changes in other areas in the image need to be separated, it increases the calculation and reduces the detection accuracy [4] . Therefore, this paper makes improvement on background difference method by segmenting the image of all the parking area, only need to carry on the background difference calculation to the interested parking space. Since the vehicle covers a larger area after parking, it is possible to eliminate the interference of external factors by setting the threshold of pixel variation.
Assuming the background is B(x,y,t), the target vehicle is M (x, y, t), the image is I (x, y, t), the noise is N(x, y, t), the target vehicle can be expressed as:
M (x, y, t) = I (x, y, t) − B (x, y, t) − N (x, y, t)
Where x and y represent the horizontal and vertical coordinates of the area, t represents the current moment.
To determine whether the object currently extracted is a vehicle or not, it needs to be compared with the preset threshold value T. If the accumulation amount of the pixel change in the area caused by the vehicle entering the parking space exceeds the preset threshold value, i.e. M (x, y, t) >T, and tends to be stable after reaching a certain value, you can determine the current parking space has vehicle parking. Figure 1 shows the experimental results of real-time processing on the images acquired by camera. In left side, there are two cars in the parking spaces. In right side, there is a car in the parking spaces and another car outside parking space, you can see the detection results of the image processing method are correct and the interference car outside the parking space will not affect the detection result.
CONCLUSIONS
This paper studies parking space detection method based on image processing. Include the following parts: image color conversion, image denoising, image morphological transformation and improved image background difference method. The traditional background difference method is greatly influenced by the external environment factors. This paper improves it. According to the characteristics of the pixel accumulation, the external interference factors are excluded, the recognition conditions and the detection range are set. Experiments show that the method can realize parking space detection efficiently and accurately.
